Esterase activity in rapidly germinating Neurospora conidia was several times higher than the esterase activity in conidia which germinate slowly. Starch gel electrophoresis experiments demonstrated the existence of esterase isoenzymes which are specific to the conidia. These isoenzymes completely disappeared during 20 h of conidial germination at 30 "C. Electron microscopy showed the successive breakdown of electron-dense compounds in storage bodies during conidial germination. These observations, taken together, indicate that the electrondense compounds may be hydrolysed by specific esterases to serve as an endogenous energy and material source for germ tube formation. The levels of esterase activity, however, were not always proportional to the time required for conidial germination, indicating the possibility that additional enzyme systems might also be involved in the initial stages of germination.
R E S U L T S

Conidial germination
The results in Table 1 show changes of germination rate of conidia as a function of incubation period, along with data concerning volume of conidia and their esterase activities. Cultures 22, 32, 62, 47, 64 and 80 are progeny from crosses between 4A (early germination) and 38a (late germination) . Conidia from 4A and cultures 47,64 and 80 began to germinate about 60 min after the inoculation, and incubation for 4 h was enough to obtain more than 90% germination, whereas conidia from 38a and cultures 22, 32 and 62 began to germinate 90min after inoculation, and more than 4 h was required to obtain 90% germination. The conidia which showed early germination, however, did not always extend their germ tubes rapidly. For example, germ tube lengths of conidia from cultures 62,64 and 80 were all more than 10 times their respective conidial diameter after 5 h incubation even though germ tube initiation by conidia from culture 62 was slower than that of conidia from cultures 64 and 80. The results suggest that germ tube emergence and germ tube elongation are controlled by different mechanisms.
The data also indicated that conidial germination percentages were not always proportional to the conidial volumes. Among the cultures examined, conidia from cultures 47 and 80 were largest, particularly those of culture 47 which were two to three times larger than those of other cultures. Despite the larger volume, conidia of culture 47 showed little difference in germination percentage from those of cultures 4A and 64 whose conidia were much smaller. Within a single strain, however, larger conidia were more likely to germinate rapidly than smaller conidia (data not shown).
Esterase activity in conidia
If lipids are used as an endogenous source of energy and materials to produce germ tubes, one might expect conidia which germinate early to have high levels of esterase activity. Accordingly, the enzyme activities were measured using n-butyric acid ethyl ester as a substrate. The relative activities of esterase in conidia from the different cultures ranged from 0-3 to 2.4 when the activity of 4A was taken as 1 (Table 1) . As expected, those conidia which germinated rapidly (4A, 47,64,80) showed higher esterase activities than did those which germinated rather slowly (38a, 22, 32, 62). However, the results were not entirely consistent with the supposition that levels of esterase activities are proportional to the germination rate at the early stage of incubation, particularly when comparisons were made between conidia from those cultures which germinated rapidly.
Esterase isoenzyrnes in conidia To determine whether conidial germination is related to the esterase isoenzyme pattern, cellfree extracts of conidia were submitted to starch gel electrophoresis (Fig. 1 a) . Using a-naphthyl acetate as a substrate, conidia from 4A were found to contain at least seven isoenzymes which were designated 1 to 7 according to the rate of movement towards the anode. An isoenzyme pattern identical to that from 4A was observed in conidia from cultures 47,64 and 32. Isoenzyme bands 1 and 5 were not detected in conidia from 38a, 22 and 80, and conidia from 62 did not give band 5. The results failed to show any correlation between a specific isoenzyme and early germination.
Esterase zymograms of cell-free extracts of mycelia (20 h conidial germinants) were characterized by the disappearance of isoenzymes 1,3,4 and 5 in 4A, and isoenzymes 3 and 4 in 38a (Fig. lb) . These isoenzymes, then, are present only in conidia. Among these isoenzymes specific to conidia, isoenzymes 3,4 and 5 were almost completely inactivated by heat treatment at 40 "C for 20 min or by diisopropyl fluorophosphate treatment M). AII esterases were inactivated by treatment at 60 "C for 20 min, except for band 2 which retained some residual activity (Fig. 2) .
T . EGASHIRA Electron microscopy of germinating conidia and localization of acid phosphatase In dormant conidia of N . crassa, several inclusion bodies containing electron-dense granular compounds were observed, as described by Weiss (1963) . From their staining properties and general appearance, these granules seem to be composed of lipids (Fig. 3a) . In germinating conidia, the density of the inclusion bodies decreased, and they became coarse in appearance (Fig. 3b) . This may indicate that the stored compounds are digested to supply energy and materials for conidial germination.
In elongated hyphae, large and numerous vacuoles were observed in which the electron-dense granules were scarcely visible (Fig. 3 c) . Complex lamellar and/or tubulous structures have been detected frequently in the vacuolization process of the storage bodies as described by Zalokar (1961) and Kozar & Weijer (1969) . Activity of acid phosphatase, which can hydrolyse pglycerophosphate was detected within the storage bodies (Fig. 3 a) .
DISCUSSION
A large amount of the stored substances in dormant conidia may have an important role in early germination if associated with the digestion enzyme systems that can be readily activated as soon as conidia become hydrated under aerobic conditions. These endogenous substances are likely to be present within the vacuoles or vesicles (Schmit & Brody, 1976; Matile, 1978) . The accumulation in vesicles of basic amino acids and inorganic polyphosphate has already been described (Martinoia et al., 1979; Cramer et al., 1980) . In addition, the electron-dense substances in vesicles have been accepted to be lipids or phospholipids (Weiss, 1963) . Bianchi & Turian (1967) estimated the content of lipids in conidia to be 17% of the dry weight. This high level of lipids is in keeping with the present observation that electron-dense bodies occupy the greater part of sectioned conidium (Fig. 3) . Bianchi & Turian (1967) also reported a remarkable decrease in lipid content between 3 and 5 h after inoculation, a time when active emergence and rapid elongation of germ tubes has been observed. The degradation of stored substances at this stage of conidial germination, as seen in Fig. 3 (b) and (c), is consistent with the data of Bianchi & Turian (1967) .
The evidence that conidia with high esterase activity tended to germinate rapidly indicates that stored ester compounds or lipids could be used for energy and material source in germ tube formation. However, there was not always a direct proportionality between the level of esterase activity and time of germination (compare culture 64 with 80). This fact indicates the possibility that other enzyme systems are also involved in the initial stage of germination, such as the trehalose-trehalase system (Hanks & Sussman, 1969) . The vacuoles or vesicles of Neurospora cells have been shown to contain many hydrolytic enzymes such as protease, RNAase, phosphoesterase, and invertase (Matile, 1971) . In this study, the presence of acid phosphatase activity in vesicles has been shown ( Fig. 3 4 . Because of the high activity of the above enzymes in the vesicles, the latter are considered to be lysosomes. Indeed, Wilson et al. (1970) have reported lysosomes quite comparable to animal lysosomes in several species of fungi. The inclusion bodies associated with membranous structures, shown in Fig. 3 (a) and (b) , closely resemble animal lysosomes. In spite of the lysosomic character of vesicles in conidia, it is possible, as suggested by Matile (1971) , that their stored compounds and hydrolytic enzymes play an important role in the initiation of germination. The positive correlation between esterase activity and conidial germination supports this assumption.
Although an attempt to identify the isoenzyme(s) specific to conidial germination failed, the demonstration of esterase isoenzymes specific to dormant conidia (Fig. 1 b) may provide a clue for the elucidation of the metabolism of ester compounds or lipids during germination. As seen in Fig. 2 , those esterase isoenzymes (bands 3, 4 and 5 ) which were specific to conidia were different in physical and chemical properties from those that were also found in the hyphae (bands 2 and 6), i.e. they were easily inactivated by incubation at 40 "C for 20min or by diisopropyl fluorophosphate treatment. Isoenzymes 3,4 and 5 were insensitive to 1 0-4 M-eserine sulphate (data not shown). Eserine sulphate inhibits choline esterase, while diisopropyl
